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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a nitride 
gallium-based compound semiconductor light- emitting 
element having a high-quality regrown interface, with 
superior electrical characteristics and optical 
characteristics, and reliability that can be improved. 

SOLUTION: In a second crystal growth process, for 
example, at a temperature of a low-temperature substrate 

Ga n N 

0.95 



of about 400°C to 650°C, an N-type AI Q05 

surface evaporation protecting layer 6 is laminated 
approximately from 20 nm to 100 nm on an exposed 
clad layer 5. Next, the substrate 

temperature is raised approximately to 1050°C and an 
N-type Al 1( -Ga N current blocking layer 7 is selectively 

grown approximately from 0.5 u.m to 1 u.m. 
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V^^ hS8©±l3PMfflmfiS94ff5fi)c-r5. £fc> N 
MS iC£t£l©J£®£NS*fflS®l 0-%M.j8.?Z> (PI 
El (g) #!&) • 

[0 0 4 5 ] JU-tO^iiT'D-t^fc^-C, Hl£7r:-r»T 

[0 04 6] W±©*5t» **«»»10*fli* y * 
A »fb£»*«H* 1/ — !f c i n«, fV^XSCi 
,tSdJ Lfefiif&ttfcfto* 7 y HJS 5 ©3l®±l'SI® 

Gas N. s 

t*^* 5 ^^ a rasa* < &a. -©&»* #&H5Jfc 

[0 0 4 7] (j«B«S8 2) HStt^Wafb^y'^A 
[0 0 4 8] fc*5» *RHUB!B2CftV>Tti. ±«HB« 



[0 0 4 9] WTC> 03 (a) ~ (g) taS-dt, * 

*msm 2 ©sfc# u f a »fc ° V' — * ©Mi* 

[0 0 5 0] **\ l[s]g©^Fafi£«4fi : ^fc«>> 
SiC36*l l«M0CVD««©-tMs7'* 7 ±C».\ 

u gtsss 1 2 0 o-cgfi£T-#?su mm^m^m. 

?. JfcC, P^S iCStgl l©SffiiSS4 5 0 0*C~ 
eiotSIS-CBIU PlSiCSIE'lltMgH 
-7"G aN^f 7 2 2 * 1 0 nm~4//mgSM 

3**. «c» stsssi 0 5 o-casstMu M 

gH-rAli,Ga M N?5>HI33t0. Um 

~0. 3 ;umgfij£:ft£-££» 

[0 0 5 1] S tfiSJa4 8 0 0'C~8 5 0-CS« 

C»SU y>K-7"In 0 .aGao.«iNiSttJi4*3 
nm~8 0nmM^5. 10 5 0 

•CfiK*"r#HftU NIAl,.,Ga 0 .,N{'7y K« 5 
5 SO. l//m~0. 3jumme*JS**** NISH 
-7 , Al,. os Ga 0 . 8S N16 0' S5 0nm~0. 2// 
mfiSfiStS (BB (a) #.1) . 

[0 0 5 2] -fis ">x^-4«ftS*6Wt)tti 

U Nffl*H-rAlo.csOao.«N«6 0' ©±fc, 
«*«Si0^ttSiN,*6«ta 13 6SMt 

lgF-/Al,. K Ga 0 . 9 s N/16 0' ±©*6^)S 
(b) #JtH) . 

[0 0 5 3] dOx^-S^x^ hi'Jf> 

09S NI60' St>-N^Al 0 .,Ga 0 . 9 N^7<y K®5 
tJBr (BH (c) #R) . 

[0 0 5 4] CCTf, db^5©^ hf-fT'IWtt, W=2 
^m~4//m, ^i£©mffil5iitM 7 7 tft&m 4 tom 
[St t=0. 1 ummg.£%l'<®£h2>° 

[0 0 5 5 ] Btf, i>i;\-*MOCVDai© 

-tHr7'*±tv:2gAU 2Ie]l©^^J5)c* : S:fi : ^o 

[0 0 5 6] C©fi£ftxST-li. SISSS4 0 0-C-6 
5 O'Cfigtw-tMg F-7*Al 0 .o5Gao.9sN^ffi^ 
SSI 6 6 4 2 0 nm~ 1 0 0 nmgt^fte? i» 
t. StSSJS* 1 0 5 0*CgSST-#SU. 
Al 0 .isOao.«N««ERlJtl7 7*0. 5 vm~ 1 U 
mSSiSlRESS^-B-* <BH (d) #KQ . 

[0057] ^nmMM2 !c^3v^T^)^ fgtssffiSJKt 

«jBBit«7©«ifllSt«l»»t*i*lsrii:tta:v^. 
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[0 0 5 8] ai^tr* — «>x>\— SfiSftSA* $ 
(Pill (e) #ffit) o 

[0 0 5 9] £x/\-*M0CVD«H© 

[0 0 6 0] c©js6fixa , rtt, £t£SS4 i o 5 o°c 

aSST-fffflU NIGaN^>^^M88S:0, 5 

>um~i//ma»*fts** (no (f ) #K0 o 

[0 0 6 1 ] •)x;\-ftMOCVD8l*e>»!J 
ffiU N 2 #ISTt\ 8 0 0-CCT»fl«*ffl\ M 

>**b»8 80±fcNB««Sl O4#J01U PSS 

i csfii i©«ntpaifli«a9 4»j«r* (wa 

[0 0 6 2] #HttJ&ffi2£*5t*T*, «tliUfcO«tt 

[0 0 6 3] mmmm 3 ) 12 4 » 5 «**i»sf b 

^Stgl' 48H\ N^GaN^2±lCNSffimeil 0 

4»arsA#±fB*«iJBffliavaM«ffl2 k«a«c 

[0 0 6 4] #Slffi?fc!ffi3l;:#lvt*K ±»BRia 

13. MOCVD5£4fflV\ VRj®*4> Iliaftft* PS 

[0 0 6 5] ttTt, El 5 (a) - (h) Ctt-SS* * 
XAtf&S 3 CM^ 'J -> If ©Hitr d -b 

[0 0 6 6] $1\ lE]B<DttBJ5EJl*fT'5fc»* tf7 
7-f*atRl' SMOCVDitliOt-b^ltilA 

u stsssi 2 0 o''cajs*-e»iBu asjassjE 
To an* *77-f+««r ©»tsa*t4 0 o*c- 

Alo.Q5Ga 0 . 95 N;\-y7 7JI2' S:20nra-100 

[0 0 6 7] StgiSfi 1 0 5 0"C8**t#fffi 

U NIGaN12S0. 5 >u 4 //mSJSJScS^ 

#, a^ asfifflsioso-ciaitMu nma 

lo.iGa 0 . 9 N^77b*I3$0. l/zm—O. 3/zm 
MSS^^^o 3*ggg4 8 0 0 e C-8 5 0 

•C«*C»ffl U -/ > K-7 L n 0 . 32 G a 0 . 68 Nr£fiJI 
4 4 3 nm-8 0 nmJ5£;g£^£ e 
[0 0 6 8] a^ SffigSS 1 0 5 0-C*Ig£T-#^S 
Mg H — 7*Al 0 .iGa 0 . 9 N^7v/ KB560. 1 



nm-0. 3jtzma*fiJSft*-e\ «1>TM g* H-:7A 
l 0 05 Ga 0 . 95 N^6 04 5 Onm-0. 2//m52H£ 

*4 (RBI (a) 4MB) o 

[0 0 6 9 ] -b, $x;\ — *]«ftg**>Sfc!>£ii 

U Mff*.K-rAl(,.o5Gao.B5N»6 0©±fc. fi*J 
i tf S i 0 X X 14 S i N a * 6 S tft«« 1 3 4 Jfc ESc T 

ffKK-P r Al 0 .o5Ga 0 .«Na6 0±O*fi««l 3 

-SB4, h 7 -fettle JBfiErs ((5)121 (b) # 

JH) o 

[0 0 7 0] CCQ^x>>\— 4£xy hxyf>^ 

Xt± H^-f xy^>^lZ<t MgS h*— :/A I0.05G 
a 0 .9 5 NB6 O&tfMg K-7Al 0 .|Ga 0< »N*7^ 
KJB 5 lc* h 5>f ^ , tt©flfflft«JS«'rafc»x^^>i? r 

1 4 4ssr mm (c) #ko . 

[0 0 7 1 ] figfJ©^ b7-f7SWIi, W= 2 

/*m-4/znu aiEO«8ERi±a7 4:Jgtta4i:OiaiH 
ti±, t = 0. 1 ximSK^«JfflJS*lSo 

[0 0 7 2 ] at, BV, £x;n-£MOCVD£I^cd 

[0 0 7 3] COfiEftlg-eil, 0 0 

•C-6 5 O'CaaiCT, NSAlo.osGao.9 5 Ng®i 
£g^H/g 6 £ 2 0 nm~ 1 0 OnmMM^^So * 

£{K&jK« 1 0 5 0-CaJK*T-fffflU NIA 1 
o.i5Ga 0 .8sNmatIS±S7 40. 5//m.-l//mSS 
5I$WEfi*"fra' (HI2 (d) #JH) o 

[o 0 7 4 ] *mm&m3 iz&^x&s mmm^mm 

[0 0 7 5] «t:, -B, ■Jx^-fcjSEftSa^ffi&Ui 
L % (e3»n 1 3 S7^B*x^^>^»t:tl»4ta 

(nB (e) #a) o 

[0 0 7 6 ] at:. gZJ\ ^x/wiMOCVDSiO 

[0 0 7 7 ] CCritftxaTtt, £t\ SfSSS* 1 0 
5 O'CfifiST^Sl, Mg F-7GaN3>i'^ hJl 
840. 5 lira- 1 /*mafiJGSftS-££ (IrIEI (f ) # 
Rl) « 

[0 0 7 8 ] at:, ^xA-^MOCVDSIA^ffif) 
tBU NfflGaNJlZOSffiiSBttl-i'SST-xu/^-vy 
1 5 4J6T (RIBI (g) *JH) o 

[0 0 7 9 ] JfcH, £x/\ — 4M0 C VD4SH*e>Btt> 
thU, N 2 gi^TT\ 8 0 0*CCT&5!UI4m^ M 
g H-r«4PffitzSft**a« ^CD^. PSGaN^ 

ha8o±cpsfliaa9ftjBi«u, nsg a n 

jf2 0Sai®{:NMfflmSl 14^fSra (h) 



[o o 8 o] &nmm3\z&^xt). n&^tzamtf: 

x. nmtimiRv&mwm2mme>®%*m-r2>mit 
i3vvi±mte>m*mfc\'-y*nmx%2>o 
[oo8i] (nmmmi) ®6i**&wm<bx ] )<>i* 

T-9-7T^^StSl ' 4ffltV NIGaNI8 8±tCN 

[0 0 8 2] tt*. *W8*«4C*t>T*, ±IBBI» 
tC N MOCVDStfflK VfcJSM*. IIIKWW, PS 

[60 8 3] WTKv ^6 (a) - (h) * 

[0 0 8 4] STx lBB0«iiJ*ft*fT$fc». tf7 

u sfiajKi 2 o o-cgjKST-sjau, atEjassis 

"To ©Sffi?SS44 0 0*C- 

6 5 O'CgaSTBfiU V77"(*m&l' fcAl 
o.osGao^N^y^Tj^' 4 2 0 nm- 1 0 0 nm 

[0 0 8 5] StSSSl 0 5 0°CfIg£T'SS 

L, MgK-7G'aNH2 2*0. 5 jum"— 4 jumHS 
j£S£-e£o Mff K-^Alo.iGao.sN^^^ 

F»3 3*6. l/zm-0. 3/imSSJ525^^^o 

[0 0 8 6] tt^T , StSSS* 8 0 0-8 5 0 "CSjR 
KBfflU y>H-7 , Ino.32Gao.6 8 NSttl4S3 
nm-8 OnmjSc X«afi« 10 5 0 

•Cgg^t^SL, NiAl 0 . 1 Ga 0 . 9 N^7yK15 
540. 3/zmSJRj«ftS-frS. ast^T, 

N33iBH-7^\lo.osGao.KNJB.6 0' 4 5 0 nm- 
0. 2/zmJ5£;§l<*-££ (IrHS) (a) #«B).. 

[0 0 8 7] -L *x/\-*j«iiafr6BlDiB 

Lx Nfia»K-^Al 0 .o6Ga 0 . 95 Nji6 0' 0±t, 
«*ttS i O.XI4S i N,iP&ttatS*H 1 3 *Bf&? 

NH*K-:/Alo.osGao.9sN*6 0' ©±©lfiltBl 

i 3*. «*«^ b^-f ^tttflgjara (ma (b) # 

JH) o 

[0 0 8 8] ^^-t-Jiyhx/?^ 
a 0 , 95 N/I 6 0' avNHAlo.1Oa-o.9N* 5 y h'JI 

4%mt mm <c) #&) . 

[0 0 8 9 ] ::t\ ±E#*JB«JBrattt, £hW®Z 
J17 7hrSttJI4i:<DF^Klt(;t, t = 0 . 1/zmgJKt:: 



[0 0 9 0] <^tZ. nu. ">x/w*MOCVD8IB© 

[0 0 9 1 ] £©J«ftXgT-(is Jf> SSSSS:4 0 
0°C<-6 5 O'CflS^T, ST, M g K-T'A 1 0.05G 
* 0 ^mWmM&mm 6 6 4 2 0 nm- 1 0 0 nmg 
g«IU S&Sft& 1 0 5 0 e Cgg£T-#S 

U Mg H-7 , Al 0 .i5Ga 0 .85N«8EIEJtji7 7* 
0. 5,um~l/zmg«;I«JE£ft£^£ <HH (d) # 
JS0 o . 

[0 0 9 2 ] *HffiJBffi4.t3*3^Tt>, SEsR#«»Jl 

eHC48i!D-e, «rt«atEJh»7 7©teBffitffl«» 

[0 0 9 3 ] dZlZ, — 1> »>x/n — ijgRfiSi^feffiDtB 
(RBI (e) #S) o 

[0 0 9 4] BV, ^XA-SMOCVDSI© 

[0 0 9 5 ] CCDj&gjCflT-ii* StfcSfi4 1 0 5 0*C 
gS^t^igl^ MffK-rGaN3>#*MI8S 
0. 5/zm-l//miSES?t5 (BIB (f) # 

jh) o 

[0 0 9 6 ] ^xA-SMOCVDSBiPfeffiO 
iEU M g K-7"G a Ni 2 2 Oil^SilitS ^ T*x 

s*m-r mm is) #so • 

[0 0 9 7] •JxA-SMOCVDfiB^feat) 
USU N 2 fi^Tt\ 8 0 0XlC-C*M&lI*fTV\ M 
gh--71^P^i:^b^^Sc NSGaN3 

h/I8 8cD±tzN^EmS 1 0 4JBJE&U Sfc, 
StBLfcMg" K-7GaNI2 2 <Z>±£ PS««ffi 9 4 
JB«ra (BH (h) *KQ o tl±©rDHr^«8T, 
#5tififl2!B 4 cog{b# 1; * a «fb w — tf 

[o 0 9 8] xnmftmi iz&^xt), na^itam^ 
-e, *MjBffiiav*sfi»J»2Hi«©»**»r*a<b 

[0 0 9 9 ] tt*J, ±f3®*£JfiffcJB'CMU 

So 

[0 10 0] 

saaufc^^y Kiisffi«3!)affisiiS:iwjt'r-#, 



[oioi] *na> J; ftis* aji©*nsa 
[EScfS^fcSiE] 

[11] #SBiilS©UiJSJ&?iS 1 g<b#'JSA&{b 

[H 2 ] *«wos«tt»ffl i a i c^raft* 

■>A3Mb^#^#l'-1f©®jg7n*;*£^xg 
Ho 

[12 3] *«WCD«KBBJB2**r» SMbtfU 
^^fr l/-if ©iJjgT'D -tz ^ <£ Stigi. 

[0 4] #&S8©§SfflJ&ai3£^t\ g{b#D£A3ift 
£ttl¥*tt Is—If <DffifiBU 

[H5] #SS$©2iS«iJf*?i3 Sf>t, 0 4i:f>tM# 
ij £ A Sft^l*** V — If ©SiiiT'n -b X 4 StiS 

[H 1 ] 



1/ — tf ©^& 7* D Hz * 4 vtliB. 
[0 7] ffi*© I n G a A 1 P V-1f * 

1 NSSiCSffi 

2 NSGaN^-?7 7l 

3 NIAlGaN^7'yi'l 

4 j - y H— 7*1 nGaNriti/f 

5 Mg H—7"A1 G-aN*5y h'Jf 

6 NIAlGaNII^lI 

7 NMmssis±s 

8 PlGaN3>i'i'H 

9 PSJBmiS 
1 0 NlfflfS 

13 l/^^bffl©*6»M 

14 aiyf-V^ 

60 MgHS H— 7*A IGaNI 

[E3 2] 
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